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(57) A modulator receives a main signal 
synchronizing with a clock and a secondary 
signal having start and stop bits for each 
character. The modulator contains a unit (3) for 
removing the start and stop bits from the secon- 
dary signal to generate a clock-synchronizing 
secondary signal. Then, the clock-synchroniz- 
ing secondary signal and the main signal are 
modulated in parallel synchronized with a 
clock, and modulated signals are frequency 
division multiplexed. A demodulator receives a 
frequency division multiplexed modulated sig- 
nal, and a dock-synchronizing main signal and 
a clock-synchronizing secondary signal are re- 
spectively regenerated by modulation and band 
separation. The modulator contains a unit (3) 
for inserting start and stop bits respectively 
before and after each character contained in 
the dock-synchronizing secondary signal to 
generate a secondary signal in a start-stop sys- 
tem. 
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(1) Field of the Invention 

The present invention relates to a modulator, a 
demodulator, and a modem containing the modulator 
and the demodulator. The present invention is appli- 
cable, in particular, to a modem having provision for 
modulating and demodulating signals carrying infor- 
mation on conditions of the modem and another mo- 
dem connected with the modem through an analog 
transmission line, through a secondary channel 
which is provided in addition to a main channel. The 
main channel and the secondary channel are fre- 
quency division multiplexed within a frequency band 
of the analog transmission line. 

Figure 1 is a diagram illustrating an on-line infor- 
mation processing system wherein a plurality of 
pieces of data terminal equipment are connected 
through analog transmission lines to a host computer. 
In Fig. 1 , reference numeral 900 denotes a host com- 
puter, 901 denotes a communication control proces- 
sor, 903 denotes a network monitoring apparatus, 
911 i to 911 n each denote a modem on the host com- 
puter side, 912, to 91 2 n each denote a modem on the 
terminal side, 913, to 91 3 n each denote a piece of 
data terminal equipment, and 91 4 1 to 91 4 n each de- 
note an analog transmission line. For example, the 
host computer 900 and the communication control 
processor 901 are provided in a main office of a com- 
pany, and the plurality of pieces of data terminal 
equipment are respectively positioned in a plurality of 
branch offices. Digital signals are transmitted be- 
tween the host computer 900 and the plurality of 
pieces of data terminal equipment 91 3 1 to 913 n 
through the analog transmission lines 91 4, to 91 4 n . 
When transmitting the digital signals through the ana- 
log transmission lines 914, to 91 4 n , the digital signals 
are modulated to analog signals by the modulators on 
transmitter sides, transmitted through the analog 
transmission lines, and demodulated to digital signals 
by the demodulators on receiver sides. Each modem 
911t to 911 n and 914, to 914 n has provision for mon- 
itoring various conditions thereof, and a secondary 
channel is provided in addition to a main channel for 
transmitting the above digital signals. 

As mentioned above, the main channel and the 
secondary channel are frequency division multi- 
plexed within a frequency band of the analog trans- 
mission line. Figure 2 is a diagram illustrating frequen- 
cy bands allocated for the main channel and the sec- 
ondary channel within the frequency band of the ana- 
log transmission line (0.3 to 3.4 kHz). As indicated in 
Fig. 2, the frequency band for the secondary channel 
is allocated on the lower frequency side of the fre- 
quency band of the main channel, separated from the 
frequency band of the main channel. In the example 
of Fig. 2, the frequency band of the main channel 
ranges from 600 to 3,000 Hz, and the frequency band 
of the secondary channel ranges from 311 to 359 Hz. 



The center frequencies of the frequency bands of the 
main channel and the secondary channel are 1,800 
and 335 Hz, respectively. 

The network monitoring apparatus 903 collects 

5 information on the conditions monitored by the re- 
spective modems 911, to 91 1 n and 914, to 91 4 n 
through the above secondary channels and the sig- 
nal tines 91 5, to 91 5 n . Figure 3 is a diagram illustrating 
a connection between the network monitoring appa- 

w ratus 903 and the plurality of modems 91 1 , to 9 1 1 n on 
the side of the host computer 900. As indicated in Fig. 
3, the plurality of modems 911, to 911 n are connected 
with the network monitoring apparatus 903 in the 
form of a bus connection. The signal lines 915, to 

15 915 n connecting the network monitoring apparatus 
903 with the plurality of modems 911, to 911 n are bal- 
anced signal lines in accordance with RS485, and the 
network monitoring apparatus 903 collects the above 
information by polling the respective modems 91 5, to 

20 91 5 n . In the communication between the network 
monitoring apparatus 903 and the plurality of mo- 
dems 911, to 911 n , a start-stop system is used, i.e., a 
start bit and a stop bit are affixed to each character 
(comprised of eight bits) in the information transmit- 

25 ted between the network monitoring apparatus 903 
and the plurality of modems 911, to 91 1 n . 

Figure 4 is a diagram illustrating a construction of 
a conventional modem which can be used in the sys- 
tem as indicated in Fig. 1. In Fig. 4, reference numeral 

30 800 denotes a piece of data terminal equipment, 1 1 0a 
to 11 Oi each denote a driver circuit, 40' denotes a 
main signal modulation unit, 50* denotes a main sig- 
nal demodulation unit, 60a denotes a secondary sig- 
nal modulation unit, 60b denotes a secondary signal 

35 demodulation unit, 70* denotes a microprocessor unit 
(MPU) as a command control unit, 41 1 and 51 ' each 
denote a microprocessor unit, 42' and 52' each de- 
note a digital signal processor (DSP), 43* and 
53' each denote a digital to analog converter, 11 de- 

40 notes a signal adder, 90a and 90b each denote a low- 
pass filter, 90c and 90d each denote a high-pass filter, 
and 903 denotes the network monitoring apparatus of 
Fig. 1. 

In the construction of Fig. 4, digital signals sup- 
45 plied from the data terminal equipment 800 are modu- 
lated to analog passband signals within the frequency 
band of the main channel in the main signal modula- 
tion unit 40' to be supplied to the signal adder 11. A 
command or data to be transmitted through the ana- 
50 log transmission line is generated by the micropro- 
cessor unit 70', modulated to an analog passband sig- 
nal in the secondary signal modulation unit 60a, and 
filtered through the low-pass filter 90a to be supplied 
to the signal adder 11. Analog signals transmitted 
55 from the analog transmission line are supplied to the 
main signal demodulation unit 50' and the low-pass 
filter 90b. Frequency components corresponding to 
the main channel in the analog signals pass through 
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the high-pass filter 90d, are converted to digital sig- 
nals, and demodulated through the digital signal proc- 
essor 52' and the microprocessor unit 5V. Frequency 
components corresponding to the secondary channel 
in the analog signals pass through the low-pass filter 
90b. are converted to digital signals, and demodulat- 
ed through the secondary signal demodulation unit 
60b. The demodulated secondary signals are sup- 
plied to the microprocessor unit 70\ 

Conventionally, the modulation and demodula- 
tion of the main.signals are performed in accordance 
with phase shift keying (PSK) or quadrature ampli- 
tude modulation (QAM), and the modulation and de- 
modulation of the secondary signals are performed in 
accordance with frequency shift keying (FSK). The 
demodulation m accordance with the frequency shift 
keying (FSK) can be performed without synchroniza- 
tion with a receiving dock signal regenerated from the 
received signal.,' wtiiie the demodulation in accor- 
dance with the phase shift keying (PSK) or the quad- 
rature amplitude modulation (QAM) must be per- 
formed in synchronisation with the receiving clock. 
Therefore, the modulation and demodulation of the 
main signals are pef formed by using the digital signal 
processor and the microprocessor unit, and the mod- 
ulation and'democKiaUon of the secondary signals 
are performed by using a one chip modem, which is 
commercially avail at** and realizes the secondary 
signal modulation un* 60a and the secondary signal 
demodulation unit 60b. 

Since the modUaton and demodulation of the 
main signals and the secondary signals are carried 
out in separate hardware, the amount of the hardware 
is increased, and therefore, the size of and the cost 
for the modem are increased. 

According to the f rot aspect of the present inven- 
tion, there is provided a modulator containing: a first 
modulating unit for receiving a first base band signal, 
and modulating the first base band signal to generate 
a first modulated s»gnal. where frequency compo- 
nents contained in the first modulated signal are with- 
in a first frequency band; a transforming unit for re- 
ceiving a second base band &>gnal containing at least 
one set of a predetermined number of successive bits 
corresponding to a character data, a start bit preced- 
ing each set of the predetermined number of succes- 
sive bits, and a stop bit following each set of the pre- 
determined number of successive bits, and removing 
the start bit and the stop bit from the second base 
band signal to generate a third base band signal con- 
taining the character data; a second modulating unit 
for receiving the third base band signal, and modulat- 
ing the third base band signal to generate a second 
modulated signal, where frequency components con- 
tained in the second modulated signal are within a 
second frequency band which is separated from the 
first frequency band; and a signal adding unit for re- 
ceiving the first and second modulated signals, and 



adding t he first and second modulated signals to gen- 
erate a frequency division multiplexed signal. 

According to the second aspect of the present in- 
vention, there is provided a demodulator containing: 

5 a first demodulating unit for receiving a frequency di- 
vision multiplexed signal, and regenerating a first dig- 
ital signal, where first and second modulated signals 
are frequency division multiplexed in the frequency 
division multiplexed signal, frequency components 

10 contained in the first modulated signal are within a 
first frequency band, frequency components con- 
tained in the second modulated signal are within a 
second frequency band which is separated from the 
first frequency band, the first modulated signal is 

15 equivalent to a signal generated by modulating the 
first digital signal, and the second modulated signal 
is equivalent to a signal generated by modulating a 
second digital signal; a second demodulating unit for 
receiving the frequency division multiplexed signal, 

20 and regenerating the second digital signal containing 
at least one set of a predetermined number of succes- 
sive bits corresponding to a character data; and a 
transforming unit for receiving the second digital sig- 
nal, and inserting a start bit before each set of the pre- 

25 determined number of successive bits and a stop bit 
after each set of the predetermined number of suc- 
cessive bits to generate a third digital signal in a start- 
stop system. 

According to the third aspect of the present in- 

30 vention, there is provided a modem containing a mod- 
ulator and a demodulator. The modulator container a 
first modulating unit for receiving a first base band 
signal, and modulating the first base band signal to 
generate a first modulated signal, where frequency 

35 components contained in the f irst modulated signal 
are within a first frequency band; a first transforming 
unit for receiving a second base band signal contain- 
ing at least one set of a predetermined number of suc- 
cessive bits corresponding to a character, a start bit 

40 preceding each set of the predetermined number of 
successive bits, and a stop bit following each set of 
the predetermined number of successive bits, and re- 
moving the start bit and the stop bit from the second 
base band signal to generate a third base band sig- 

45 nal; a second modulating unit for receiving the third 
base band signal, and modulating the third base band 
signal to generate a second modulated signal, where 
frequency components contained in the second 
modulated signal are within a second frequency bend 

so which is separated from the first frequency band; and 
a signal adding unit for receiving the first and second 
modulated signals, and adding the first and second 
modulated signals to generate a frequency division 
multiplexed signal. The demodulator contains: a first 

55 demodulating unit for receiving a frequency division 
multiplexed signal, and regenerating a fourth digital 
signal, where third and fourth modulated signals are 
frequency division multiplexed in the frequency divi- 
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sion multiplexed signal, frequency components con- 
tained in the third modulated signal are within a third 
frequency band, frequency components contained in 
the fourth modulated signal are within a fourth fre- 
quency band which is separated from the third fre- 5 
quency band, the third modulated signal is equivalent 
to a signal generated by modulating the fourth digital 
signal, and the fourth modulated signal is equivalent 
to a signal generated by modulating a fifth digital sig- 
nal; a second demodulating unit for receiving the fre- 10 
quency division multiplexed signal, and regenerating 
the fifth digital signal containing at least one set of a 
predetermined number of successive bits corre- 
sponding to a character data; and a transforming unit 
for receiving the filth digital signal, and inserting a 15 
start bit before each set of the predetermined number 
of successive bits and a stop bit after each set of the 
predetermined number of successive bits to generate 
an eighth digital signal in a start-stop system. 

Embodiments of the present invention may pro- 20 
vide a modulator, a demodulator, or a modem contain- 
ing provision for modulating and demodulating a sec- 
ondary signal which is frequency division multiplexed 
with a main signal, where the size thereof and the 
cost for manufacturing the modulator, the demodula- 25 
tor, or the modem is reduced. 

Embodiments of the present invention may also 
provide a modulator, a demodulator, or a modem con- 
taining provision for modulating and demodulating a 
secondary signal which is frequency division multi- 30 
plexed with a main signal, where efficiency in trans- 
mission of the secondary signal is increased. 

For a better understanding of the invention and to 
show how the same may be carried into effect, refer- 
ence will now be made, by way of example, to the ac- 35 
company ing drawings, wherein: 

Figure 1 is a diagram illustrating an on-line infor- 
mation processing system wherein a plurality of 
pieces of data terminal equipment are connected 
through analog transmission lines to a host com- 40 
puter; 

Figure 2 is a diagram illustrating frequency bands 
allocated for the main channel and the secondary 
channel within the frequency band of the analog 
transmission line (0.3 to 3.4 kHz); 45 
Figure 3 is a diagram illustrating a connection be- 
tween the network monitoring apparatus 903 and 
the plurality of modems 911, to 911 n ; 
Figure 4 is a diagram illustrating a construction of 
a conventional modem which can be used in the so 
system as indicated in Fig. 1; 
Figure 5 is a diagram illustrating a basic construc- 
tion of the modem according to an embodiment of 
the invention; 

Figure 6 is a diagram illustrating the hardware 55 
construction of the modem as an embodiment of 
the present invention; 

Figures 7, 8 and 9 are a block diagram illustrating 



the construction of the modem as an embodi- 
ment of the present invention; 
Figure 10 is a diagram illustrating a bit series and 
each predetermined number of successive bits 
corresponding to each symbol; 
Figure 11 is a diagram illustrating a bit series con- 
taining a character data accompanied with a start 
bit and a stop bit; and 

Figure 12 is a diagram illustrating character data 

stored in the data storage unit 

Figure 5 is a diagram illustrating a basic construc- 
tion of the modem according to an embodiment of the 
present invention. In Fig. 5, reference numeral 1 de- 
notes a main signal modem unit, 3 denotes a signal 
transformation unit, 4 denotes a signal adder, 5 de- 
notes a signal processing portion, 6 denotes a sec- 
ondary signal modem unit, and 7 denotes a command 
control unit The main signal modem unit 1 and the 
secondary signal modem unit 6 each contain a mod- 
ulator and a demodulator. Preferably, the main signal 
modem unit 1, the signal transformation unit 3, the 
signal adder 4, and the secondary signal modem unit 
6 are realized by at least one digital signal processor. 
Namely, the main signal modem unit 1 , the data trans- 
formation unit 3, the signal adder 4, and the second- 
ary signal modem unit 6 are realized by software. 

First, the modulating operations carried out in the 
construction of Fig. 5 are explained below. In the con- 
struction of Fig. 5, a first digital signal (main signal) is 
supplied to the main signal modem unit 1, and the 
main signal modem unit 1 modulates the first digital 
signal to generate and supply to the signal adder 4 a 
first modulated signal (corresponding to a first analog 
signal). Frequency components contained in the first 
modulated signal are within a first frequency band. 
The first digital signal may be a digital signal syn- 
chronized with a clock (timing) signal, and the modu- 
lation in the main signal modem unit 1 is carried out 
synchronized with a clock signal. The clock signal 
used in the modulation may be one of the following 
clock signals: 

(1) a clock signal generated within the modulator 
(the clock signal generated within a modem is 
known as the ST2 signal, which is supplied to a 
piece of data terminal equipment supplying the 
main signal to the modem synchronized with the 
ST2 signal); 

(2) a clock signal supplied from outside (typically 
from a piece of data terminal equipment supply- 
ing the main signal to the modem) of the modu- 
lator (the clock signal supplied from a piece of 
data terminal equipment together with the main 
signal is known as the ST1 signal, the data ter- 
minal equipment supplies the main signal syn- 
chronized with the ST1 signal); 

(3) a clock signal regenerated from the received 
digital signal (main signal), which is known in the 
conventional modem as the RT signal; 
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(4) a clock signal regenerated from an analog sig- 
nal in the main channel received in a demodulator 
accompanied by the modulator; and 

(5) a clock signal regenerated from an analog sig- 
nal in the secondary channel received in the de- 5 
modulator, the demodulator being accompanied 

by the modulator. 

Parallel to the above operation, a second digital 
signal is supplied to the signal transformation unit 3. 
The second digital signal contains at least one set of 10 
a predetermined number of successive bits corre- 
sponding to a character, a start bit preceding each set 
of the predetermined number of successive bits, and 
a stop bit following each set of the predetermined 
number of successive bits. The second digital signal 15 
may be generated by the command control unit 7. The 
signal transformation unit 3 receives the second dig- 
ital signal, and removes the start bit and the atop bit 
from the second' digital signal to generate and supply 
to the secondary signal modem unit 6 a third digital 20 
signal. Frequency components contained in the sec- 
ond modulated signal are within a second frequency 
band which is separated from the first frequency 
band. The secondary signal modem unit 6 receives 
the third digital signal, and modulates the third digital 25 
signal to generate and supply to the signal adder 4 a 
second modulated signal (corresponding to a second 
analog signal). The third digital signal may be a digital 
signal synchronized with a clock signal, and the mod- 
ulation in the secondary signal modem unit 6 may be 30 
carried out synchronized with a clock signal. The 
clock signal used in the modulation may be the same 
(common) clock signal as used in the main signal mo- 
dem unit 1. The signal adder 4 adds the above first 
and second modulated signals (first and second ana- 35 
log signals) to generate a frequency division multi- 
plexed signal. 

Preferably, the main signal modem unit 1 and the 
secondary signal modem unit 6 may perform the 
same type of modulation. Thereby, portions of hard- 40 
ware and software can be made common to the mod- 
ulating operations in both the main signal modem unit 
1 and the secondary signal modem unit 6. Namely, 
the size of the hardware and software and cost for re- 
alizing the main signal modem unit 1 and the second- 45 
ary signal modem unit 6 can be made small. Since, 
conventionally the main signal is modulated by the 
phase shift keying (PSK) or the quadrature amplitude 
modulation (QAM), and the modulating operation for 
the phase shift keying (PSK) or the quadrature am- so 
plitude modulation (QAM) is performed in synchroni- 
zation with a dock signal. Therefore, the modulating 
operation in the secondary signal modem unit 6 must 
be performed in synchronization with a clock signal 
when the phase shift keying (PSK) or the quadrature 55 
amplitude modulation (QAM) is used. In this case, the 
third digital signal supplied from the signal transfor- 
mation unit 3 to the secondary signal modem unit 6 



must be synchronized with a clock signal. Namely, in 
this case, the signal transformation unit 3 transforms 
the second digital signal in the start-stop system to 
the third digital signal in the clock-synchronization 
system. 

Alternatively, considering the high transmission 
rate in the main channel and the low transmission rate 
in the secondary channel, the quadrature amplitude 
modulation (QAM) may be used for the modulation in 
the main channel, and the phase shift keying (PSK) 
may be used for the modulation in the secondary 
channel. In this case, portions of hardware and soft- 
ware can also be made common to the modulating op- 
erations in both the main signal modem unit 1 (by the 
quadrature amplitude modulation (QAM)) and the 
secondary signal modem unit 6 (by the phase shift 
keying (PSK)). Namely, the size of the hardware and 
software and cost for realizing the constructions for 
the modulation in the main signal modem unit 1 and 
the secondary signal modem unit 6 can be made 
small. The reason for the above is that the quadrature 
amplitude modulation (QAM) contains common or 
similar operations to the operations in the phase shift 
keying (PSK). 

Secondly, the demodulating operations carried 
out in the construction of Fig. 5 are explained below. 
In the construction of Fig. 5, a frequency division mul- 
tiplexed modulated signal is supplied to the main sig- 
nal modem unit 1 and the secondary signal modem 
unit 6. The frequency division multiplexed modulated 
signal is a signal wherein first and second modulated 
signals are frequency division multiplexed, frequency 
components contained in the first modulated signal 
are within the above first frequency band, and fre- 
quency components contained in the second modu- 
lated signal are within the above second frequency 
band which is separated from the first frequency 
band. In the main signal modem unit 1, a first base 
band signal which is equivalent to a signal generated 
by demodulating the first modulated signal, is ob- 
tained. The first base band signal is a digital signal 
synchronized with a clock signal regenerated from 
the first base band signal. Parallel to the above de- 
modulating operation in the main signal modem unit 
1 , in the secondary signal modem unit 6, a second 
base band signal which is equivalent to a signal gen- 
erated by demodulating the second modulated signal, 
is obtained. The second base band signal is a digital 
signal synchronized with a clock signal regenerated 
from the second base band signal, and contains at 
least one set of a predetermined number of succes- 
sive bits corresponding to a character. The second 
base band signal is supplied to the signal transforma- 
tion unit 3. In the signal transformation unit 3, a start 
bit is inserted before each set of the predetermined 
number of successive bits, and a stop bit is inserted 
after each set of the predetermined number of suc- 
cessive bits to generate a secondary signal in a start- 
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stop system. 

Similar to the modulation explained above, the 
first and second modulated signals are preferably 
modulated by the same type of modulation, and thus 
the main signal modem unit 1 and the secondary sig- 
nal modem unit 6 perform the same type of demod- 
ulation. Thereby, portions of hardware and software 
can be made common to the demodulating operations 
in both the main signal modem unit 1 and the second- 
ary signal modem unit 6. Namely, the size of the hard- 
ware and software and cost for realizing the main sig- 
nal modem unit 1 and the secondary signal modem 
unit 6 can be made small. Since, conventionally the 
main signal is modulated by the phase shift keying 
(PSK) or the quadrature amplitude modulation 
(QAM), and the demodulating operation for the phase 
shift keying (PSK) or the quadrature amplitude mod- 
ulation (QAM) is performed in synchronization with a 
clock signal regenerated from the first base band sig- 
nal. Therefore, the demodulating operation in the sec- 
ondary signal modem unit 6 must be performed in 
synchronization with a dock signal when the phase 
shift keying (PSK) or the quadrature amplitude mod- 
ulation (QAM) is used. In this case, the second base 
band signal supptted from the secondary signal mo- 
dem unit 6 to the signal transformation unit 3 must a 
synchronized with the clock signal. Namely, in this 
case, the signal transformation unit 3 transforms the 
second digital signal m the start-stop system to the 
second base band s*gn*J (secondary signal) in the 
clock-synchronization system. 

Similar to the modulaton explained above, alter- 
natively, considering the high transmission rate in the 
main channel and the low transmission rate in the 
secondary channel, the quadrature amplitude modu- 
lation (QAM) may be used in the main channel, and 
the phase shift keying (PSK) may be used in the sec- 
ondary channel. In this case, portions of hardware 
and software can also be made common to the de- 
modulating operations in both the main signal modem 
unit 1 (by the quadrature amplitude modulation 
(QAM)) and the secondary signal modem unit 6 (by 
the phase shift keying (PSK)). Namely, the size of the 
hardware and software and cost for realizing the con- 
structions for the demodulation in the main signal mo- 
dem unit 1 and the secondary signal modem unit 6 
can be made small. 

Figure 6 is a diagram ilustrating the hardware 
construction of the modem as an embodiment of the 
present invention. In Fig. 6. reference numeral 40 de- 
notes a modulation unit, 50 denotes a demodulation 
unit, 41 and 51 each denote a microprocessor unit, 42 
and 52 each denote a digital signal processor (DSP), 
43 and 53 each denote a digital to analog converter, 
70 denotes a microprocessor unit (MPU) as a com- 
mand control unit 80 denotes a DTE interface circuit, 
81 denotes a MDMS (modem monitoring system) in- 
terface circuit, 91 and 98 each denote a low-pass fil- 



ter, 92 and 95 each denote an amplifier, and 93 and 
94 each denote a transformer. The DTE interface cir- 
cuit 80 is provided for shifting levels of the signals be- 
tween the modem and the data terminal equipment. 
5 In the DTE interface circuit 80, RS denotes a terminal 
for a signal of "Request to Send", CS denotes a ter- 
minal for a signal of "Clear to Send", SD denotes a ter- 
minal for a signal of Transmitted Data", CD denotes 
a terminal for a signal of "Clear Detector", RD denotes 

10 a terminal for a signal of "Received Data", ST2 de- 
notes a terminal for a tiring signal of "Send Timing", 
and RT denotes a terminal for a timing signal of "Re- 
ceive Timing". Namely, timing signals ST2 and RT are 
transmitted between the modem and the data termi- 

15 nal equipment 800 in synchronization with the data 
signals SD and RD, respectively. 

In the construction of Fig. 6, a main digital signal 
supplied from the data terminal equipment is supplied 
through the DTE interface circuit 80 to the modulation 

20 unit 40, and modulated to afirstpassband signal with- 
in the frequency band of the main channel by the mi- 
croprocessor unit 41 and the digital signal processor 
42 in the modulation unit 40. A digital signal carrying 
a command or data to be transmitted through the ana- 

25 log transmission line is generated by the micropro- 
cessor unit 70, and is also supplied to the modulation 
unit 40 to be modulated to a second passband signal 
within the frequency band of the secondary channel 
by the microprocessor unit 41 and the digital signal 

30 processor 42 in the modulation unit 40. The first and 
second passband signals are summed, and the sum- 
med passband signal is converted to an analog pass- 
band signal. The analog passband signal generated 
in the modulation unit 40 is filtered through the low- 

35 pass filter to eliminate unnecessary frequency com- 
ponents, amplified in the amplifier 92, and transmit- 
ted through the transformer 93 and the terminal S 
onto the analog transmission line. 

An analog passband signal tansmitted through 

40 the analog transmission line is received at the termi- 
nal R, and transformed by the transmitter 94, ampli- 
fied in the amplifier 93, and filtered through the low- 
pass filter 98 to be supplied to the demodulation unit 
50. In the demodulation unit 50, the analog passband 

45 signal output from the low-pass filter 98 is converted 
to a digital passband signal by the analog to digital 
converter 53. The digital passband signal is demodu- 
lated to generate first and second base bend signals 
by the microprocessor unit 51 and the digital signal 

50 processor 52, where frequency components of the 
first base band signal are within the frequency band 
of the main channel, and frequency components of 
the second base band signal are within the frequency 
band of the secondary channel. The first base band 

55 signal is supplied to the DTE interface circuit 80, and 
the second base band signal is supplied to the micro- 
processor unit 70. 

The network monitoring apparatus 903 (Fig. 1) 
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sends a first command to the microprocessor unit 70 
in each of the modems at the near end (such as the 
modems 911, to 911 n in Fig. 1) directly connected to 
the network monitoring apparatus 903 through the 
MDMS interface circuit 81 in the modem. The first 5 
command requests information on the conditions of 
the modems at the near end, and the modems at the 
far end (such as the modems 912 1 to 912 n in Fig. 1) 
connected to the modems at the near end through the 
analog transmission lines. When the command re- 10 
quests the information on the conditions of the mo- 
dem at the near end, the modem at the near end re- 
turns t he information on the conditions of the modem 
to the network monitoring apparatus 903 through the 
MDMS interface circuit 81. When the command re- 15 
quests the information on the conditions of the mo- 
dem at the far end. the modem at the near end gen- 
erates a secondary signal carrying a second com- 
mand requesting the information on the conditions of 
the modem at the far end, which is connected to the 20 
modem at the near end through the analog transmis- 
sion line, and supply the secondary signal to the mod- 
ulation unit 40 to be modulated and transmitted to the 
modem at the far end through the secondary chan- 
nel. When the modem at the far end receives the 25 
modulated secondary signal through the secondary 
channel, the modulated secondary signal is demodu- 
lated to regenerate a secondary signal, and the sec- 
ondary signal is supplied to the microprocessor unit 
70 in the modem at the far end. In response to the 30 
second command, the modem at the far end gener- 
ates and returns a first response containing the re- 
quested information through the secondary channel 
to the microprocessor unit 70 in the modem at the 
near end. Receiving the first response, the micropro- 35 
cessor unit 70 in the modem at the near end gener- 
ates and returns a second response containing the 
requested information through the MDMS interface 
circuit 81 to the network monitoring apparatus 903. 
The MDMS interface circuit 81 is provided for convert- 40 
ing an unbalanced signal carrying the above re- 
sponse and transmitted from the microprocessor unit 
70. to a balanced signal, and converting a balanced 
signal carrying the above command and transmitted 
from the network monitoring apparatus 903. to an un- 45 
balanced signal. 

Figures 7, 8 and 9 are a block diagram illustrating 
the construction of the modem as an embodiment of 
the present invention. Details of the DTE interface cir- 
cuit 80 and the modulation unit 40 are indicated in Fig. so 
7, details of the analog to digital converter 53 and the 
demodulation unit 52 in the demodulation unit 50 are 
indicated in Fig. 8, and details of the microprocessor 
unit 51 in the demodulation unit 50 are indicated in 
Fig. 9. 55 

In Fig. 7, reference numerals 11a and 11b each 
denote a scrambler unit, 12a and 12b each denote a 
code transformation unit, 13a and 13b each denote a 



roll-off filter, 14a and 14b each denote a modulator 
unit, 16 denotes an equalizer, 17 denotes an attenu- 
ator, 18a and 18b each denote a pattern generating 
unit, 31 denotes a start & stop bit removing unit, 32 
denotes a data storage unit, 33 denotes a start & stop 
bit inserting unit, and 44 denotes a common memory. 
The operations of the modulation unit 40 are control- 
led by the microprocessor unit 41, and the digital sig- 
nal processor 42 operates under the control of the mi- 
croprocessor unit 41. The elements indicated by a 
block in the microprocessor unit 41 and the digital sig- 
nal processor 42 may be respectively realized by a 
software unit, and the operations of the respective 
software units are performed by a multi-task opera- 
tion under the control of the microprocessor unit 41, 
although any unit may be replaced by a hardware unit 
performing the same operation. The digital signal 
processor 42 may comprise more than one digital sig- 
nal processor. In this case, a multi-processor system 
is constructed by the more than one digital signal 
processor and the microprocessor unit 41, and the 
microprocessor unit 41 controls the multi-processor 
system. The common memory 44 is provided for com- 
mon use by the microprocessor unit 41 and the digital 
signal processor 42. The microprocessor unit 41 and 
the (or each) digital signal processor 42 can access 
the common memory 44 in a time sharing manner. A 
command from the microprocessor unit 41 is given to 
the digital signal processor 42 when the command is 
written in a predetermined address in the common 
memory 44 by the microprocessor unit 41 and read 
by the digital signal processor 42. 

The pattern generating units 18a and 18b are pro- 
vided for generating predetermined patterns to be in- 
serted in training signals which are transmitted pre- 
ceding the main signal and the secondary signal, re- 
spectively. The patterns generated by the pattern 
generating units 18a and 18b may be supplied to the 
inputs of the scrambler units 11a and 11b, respective- 
ly, or to the inputs of the code transformation units 
12a and 12b, respectively. 

The main signal supplied to the modulation unit 
40 from the data terminal equipment through the DTE 
interface circuit 80. is scrambled by the scrambler unit 
11a, and each predetermined number of successive 
bits (corresponding to each symbol) in the scrambled 
main signal (as indicated in Fig. 10) is transformed to 
a data signal point in a vector signal space in accor- 
dance with a predetermined coding method, for ex- 
ample, as stipulated in the CCITT recommendation 
V.27 for the phase shift keying modulation, or in the 
CCITT recommendation V.29 for the quadrature am- 
plitude modulation. The output of the code transfor- 
mation unit 12a is supplied to the roll-off filter 13a pro- 
vided in the digital signal processor 42 to eliminate 
components other than the base band components in 
the output of the code transformation unit 12a. The 
output of the roll-off filter 13a is supplied to the mod- 
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ulator unit 14a to be modulated to generate a first 
passband signal where frequency components con- 
tained in the first passband signal are within the first 
frequency band corresponding to the main channel. 

Parallel to the above modulating operation of the 5 
main signal, the secondary signal supplied from the 
microprocessor unit 70 is supplied to the start & stop 
bit removing unit 31 in the microprocessor unit 41. 
The secondary signal supplied from the microproces- 
sor unit 70 to the modulation unit 40 contains at least 10 
one set of a predetermined number of (for example, 
eight) successive bits representing to a character 
data, a start bit preceding each set of the predeter- 
mined number of successive bits, and a stop bit fol- 
lowing each set of the predetermined number of sue- 15 
cessive bits, as indicated in Fig. 11. The start & stop 
bit removing unit 31 removes the start bit and the stop 
bit in a bit series carried by the secondary signal, and 
the character data represented by the set of the pre- 
determined number of successive bits is temporarily 20 
stored in the data storage unit 32, as indicated in Fig. 
12. The data storage unit 32 is necessary when the 
transmission rate in the transmission of the second- 
ary signal between the microprocessor unit 70 and 
the modulation unit 40 is higher compared with the 25 
transmission rate in the secondary channel through 
the analog transmission line. In this embodiment, the 
transmission rate in the transmission of the second- 
ary signal between the microprocessor unit 70 and 
the modulation unit 40 may be 8 kbps, and the trans- 30 
mission rate in the secondary channel through the 
analog transmission line may be 75 bps. Thus, the op- 
eration of the microprocessor unit 70 is not affected 
by the low transmission rate in the secondary chan- 
nel. 35 

The microprocessor unit 41 monitors the data 
storage unit 32 regarding whether or not any charac- 
ter data is stored therein. When the microprocessor 
unit 41 determines that any character data is stored 
in the data storage unit 32, the microprocessor unit 41 40 
activates the modulator unit 14b in the digital signal 
processor 42 and the pattern generation unit 18b to 
generate a carrier signal for the secondary channel 
and transmit a training signal for the secondary chan- 
nel . The carrier signal for the secondary channel is 45 
generated in the modulator unit 14b. Then, the micro- 
processor unit 41 reads out each character data stor- 
ed in the data storage unit 32 in the order each char- 
acter data is stored therein to supply the character 
data to the start & stop bit inserting unit 33. When the 50 
microprocessor unit 41 determines that no character 
data is remaining in the data storage unit 32, the mi- 
croprocessor unit 41 controls the digital signal proc- 
essor 42 to stop the transmission of the carrier signal 
for the secondary channel. The start & stop bit insert- 55 
ing unit 33 inserts a start bit before each character 
data, and a stop bit after each character data to gen- 
erate a bit series as indicated in Fig. 11 . The start bit 



and the stop bit are inserted so that each character 
data can easily be recognized when the bit series is 
received and demodulated in the modem at the other 
end of the analog transmission line. The bit series 
generated by the start & stop bit inserting unit 33 is 
supplied to the scrambler 11 b to scramble the bit ser- 
ies, and the scrambled bit series is supplied to the 
code transformation unit 12b. Each predetermined 
number of successive bits (corresponding to each 
symbol) in the scrambled main signal (as indicated in 
Fig. 10) is transformed to a data signal point in a vec- 
tor signal space in accordance with a predetermined 
coding method, for example, as stipulated in the 
CCITT recommendation V.27 for the phase shift key- 
ing modulation, or in the CCITT recommendation V.29 
for the quadrature amplitude modulation. As ex- 
plained before, preferably, the same type of modula- 
tion as in the main channel is used in the secondary 
channel. The output of the code transformation unit 
12b is supplied to the roll-off filter 13b provided in the 
digital signal processor 42 to eliminate components 
other than the base band components in the output 
of the code transformation unit 12b. The output of the 
roll-off filter 13b is supplied to the modulator unit 14b 
to be modulated to generate a second passband sig- 
nal where frequency components contained in the 
second passband signal are within the second fre- 
quency band corresponding to the secondary chan- 
nel. 

The outputs of the modulator units 14a and 14b 
are summed by the signal adder 15 to generate a fre- 
quency division multiplexed passband signal. The fre- 
quency division multiplexed passband signal is then 
equalized by the equalizer unit 16, attenuated by the 
attenuator 17, and converted to an analog form by the 
digital to analog converter 43. 

As explained above, a pair of software units per- 
forming similar operations are provided for the re- 
spective operations such as the scrambling opera- 
tion, the code transformation, the roll-off filtering, and 
the modulation. Therefore, software and hardware in 
the microprocessor unit 41 and the digital signal proc- 
essor 42 can be made common, and thus the total 
size of and cost for the software and hardware can be 
reduced. 

In Fig. 8, reference numerals 20a and 20b each 
denote a demodulator unit, 21a and 21b each denote 
a timing regeneration unit, 22a and 22b each denote 
a band separation unit, 23a and 23b each denote an 
automatic gain control unit, 24a and 24b each denote 
an automatic equalizer unit, 25a and 25b each denote 
a carrier detection unit, 28 denotes a condition mon- 
itor unit, and 54 denotes a common memory. The ele- 
ments indicated by a block in the microprocessor unit 
51 and the digital signal processor 52 may be respec- 
tively realized by a software unit, and the operations 
of the respective software units are performed by a 
multi-task operation under the control of the micro- 
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processor unit 51, although any unit may be replaced 
by a hardware unit performing the same operation. 
The digital signal processor 52 may comprise more 
than one digital signal processor. In this case, a multi- 
processor system is constructed by the more than 5 
one digital signal processor and the microprocessor 
unit 51, and the microprocessor unit 51 controls the 
multi- processor system. 

The analog frequency division multiplexed pass- 
band signal filtered through the low-pass filter 98 in 10 
Fig. 6 is supplied to the analog to digital converter 53 
to be converted to a digital form. Then, the frequency 
division multiplexed passband signal is supplied to 
the demodulator units 20a and 20b. 

The demodulator unit 20a receives the frequency 15 
division multiplexed passband signal, and shifting fre- 
quencies of the frequency division multiplexed pass- 
band signal by a first predetermined frequency (- 
1,800 Hz corresponding to the center frequency of 
the frequency band for the main channel as indicated 20 
in Fig. 2) to transform the frequency division multi- 
plexed passband signal to a first base band signal. 
Then, the output of the demodulator 20a is supplied 
to the band separation filter 22a to eliminate frequen- 
cy components other than the frequency components 25 
within the frequency band for the main channel, and 
thus a first base band signal is obtained as an output 
of the band separation filter 22a. The amplitude of the 
output of the band separation filter 22a is controlled 
by the automatic gain control unit 23a, and the output 30 
of the automatic gain control unit 23a is equalized by 
the automatic equalizer unit 24a. The output of the au- 
tomatic equalizer unit 24a is supplied to the code 
transformation unit 26a in the microprocessor unit 51 
indicated in Fig. 9. The timing information in the re- 35 
ceived signal in the secondary channel is extracted 
from the output of the demodulator unit 20a by the 
timing regeneration unit 21 a, and the carrier detection 
is carried out by the carrier detection unit 25a by mon- 
itoring the output of the band separation filter unit 40 
22a. Further, to obtain the information on the condi- 
tions of the modem, the condition monitor unit 28 is 
provided. The condition monitor unit 28 monitors the 
received and demodulated signal to examine the sig- 
nal to noise ratio (S/N) in the received signal, and an 45 
error rate in the demodulated signal, and the condi- 
tion monitor unit 28 also monitors alarm conditions of 
the modem. The information on the conditions of the 
modem, obtained by the condition monitor unit 28, is 
written in predetermined addresses in the common so 
memory 54. 

The common memory 54 is provided for common 
use by the microprocessor unit 51 and the digital sig- 
nal processor 52. The microprocessor unit 51 and the 
(or each) digital signal processor 52 can access the 55 
common memory 54 in a time sharing manner. A com- 
mand from the microprocessor unit 51 is given to the 
digital signal processor 52 when the command is writ- 



056 A2 16 

ten in a predetermined address in the common mem- 
ory 54 by the microprocessor unit 51 and read by the 
digital signal processor 52. 

Parallel to the above demodulating operation in 
the main channel, the demodulator unit 20b receives 
the frequency division multiplexed passband signal, 
and shifting frequencies of the frequency division 
multiplexed passband signal by a second predeter- 
mined frequency (-335 Hz corresponding to the cen- 
ter frequency of the frequency band for the secondary 
channel as indicated in Fig. 2) to transform the fre- 
quency division multiplexed passband signal to a sec- 
ond base band signal. Then, the output of the demod- 
ulator 20b is supplied to the band separation filter 22b 
to eliminate frequency components other than the 
frequency components within the frequency band for 
the secondary channel, and thus a second base band 
signal is obtained as an output of the band separation 
filter 22b. The amplitude of the output of the band 
separation filter 22b is controlled by the automatic 
gain control unit 23b, and the output of the automatic 
gain control unit 23b is equalized by the automatic 
equalizer unit 24b. The output of the automatic equal- 
izer unit 24b is supplied to the code transformation 
unit 26b in the microprocessor unit 51 indicated in Fig. 
9. The timing information in the received signal in the 
secondary channel is extracted from the output of the 
demodulator unit 20b by the timing regeneration unit 
21b, and the carrier detection is carried out by the 
carrier detection unit 25b by monitoring the output of 
the band separation filter unit 22b. 

In Fig. 9, reference numerals 26a and 26b each 
denote a code transformation unit, 27a and 27b each 
denote a descrambler unit, 34 denotes a start & stop 
bit inserting unit, 35 denotes a data storage unit, and 
36 denotes a start & stop bit removing unit 

The output of the automatic equalizer unit 24a 
represents a data signal point in the vector signal 
space for each symbol corresponding to the prede- 
termined number of successive bits carried by the 
main signal. The code transformation unit 26a re- 
ceives the output of the automatic equalizer unit 24a, 
and transforms each data signal point to the corre- 
sponding predetermined number of successive bits to 
obtain a scrambled bit series. The scrambled bit ser- 
ies is descrambled by the descrambler unit 27a to re- 
generate a descrambled bit series transmitted 
through the main channel. 

Parallel to the above operation in the main chan- 
nel, the output of the automatic equalizer unit 24b rep- 
resents a data signal point in the vector signal space 
for each symbol corresponding to the predetermined 
number of successive bits carried by the secondary 
signal. The code transformation unit 26b receives the 
output of the automatic equalizer unit 24b, and trans- 
forms each data signal point to the corresponding 
predetermined number of successive bits to obtain a 
scrambled bit series. The scrambled bit series is de- 
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scrambled by the descrambler unit 27b to regenerate 
a descrambled bit series transmitted through the sec- 
ondary channel. Due to the provision of the start 8 
stop bit inserting unit 33 in the microprocessor unit 41 
in Fig. 7, the descrambled bit series in the secondary 
channel contains the start bit and the stop bit before 
and after each character data as indicated in Fig. 11 . 
The start & stop bit removing unit 36 receives the de- 
scrambled bit series output from the descrambler unit 
27b. and removes the start bit end the stop bit before 
and after each character data. Each character data is 
temporarily stored in the data storage unit 35 as indi- 
cated in Fig. 12. As explained above, the operations 
from the receipt of the secondary signal to the tem- 
porary storage in the data storage 35 are carried out 
with a low rate corresponding to the low transmission 
rate in the secondary channel. Then, each character 
data stored in the data storage unit 35 is read out in 
the order each character data is stored therein, and 
a start bit and a stop bit are inserted before and after 
each character data, respectively, to generate and 
transmit to the microprocessor unit 70 a bit series in 
the start & stop system at the high transmission rate. 

Besides the above processing operations of the 
received signals, when requested by the micropro- 
cessor unit 70. the microprocessor unit 51 reads the 
information on the conditions of the modem from the 
common memory 54. and transmits the same to the 
microprocessor unit 70. In the transmission of the in- 
formation, a start bit and a stop bit are inserted before 
and after each character data of the information by 
using the start & stop bit inserting unit 33. 

As explained above, a pair of software units per- 
forming similar operations are provided for the re- 
spective operations such as the demodulation, the 
band separation filtering, the automatic gain control, 
the automatic equalization, the code transformation, 
and the descrambling operation. Therefore, software 
and hardware in the microprocessor unit 51 and the 
digital signal processor 52 can be made common, and 
thus the total size of and cost for the software and 
hardware can be reduced. 



Claims 



successive bits, and a stop bit following each set 
of the predetermined number of successive bits, 
and removing the start bit and the stop bit from 
the second digital signal to generate a third digital 

5 signal containing the character data; 

a second modulating means (6, 14b) for re- 
ceiving the third digital signal, and modulating 
the third digital signal to generate a second 
modulated signal, where frequency components 

10 contained in the second modulated signal are 

within a second frequency band which is separat- 
ed from the first frequency band; and 

a signal adding means (4, 15) for receiving 
the first and second modulated signals, and add- 

15 ing the first and second modulated signals to 

generate a frequency division multiplexed signal. 

2. A modulator according to claim 1, further com- 
prising a digital signal generating means (7) for 

20 generating the second digital signal to supply the 

second digital signal to the second modulating 
means (6, 14b). 

3. A modulator according to claim 1 or 2 wherein the 
25 first and second modulating means perform the 

same type of modulation, and the first and sec- 
ond modulating means comprises at least one 
digital signal processor. 

30 4. A modulator according to claim 3, wherein the 
first and second modulating means perform one 
of the phase shift keying (PSK) and the quadra- 
ture amplitude modulation (QAM). 

5. A modulator according to claim 1 or 2, wherein at 
least one portion of the operation performed by 
the second modulating means is similar to at least 
one portion of the operation performed by the 
first modulating means, and the first and second 

40 modulating means comprises at least one digital 

signal processor. 

6. A modulator according to claim 5, wherein the 
first modulating means performs quadrature am- 

45 plitude modulation (QAM), and the second mod- 

ulating means performs phase shift keying 
(PSK). 

7. A modulator according to any one of the preced- 
ing claims, comprising a data storage means (32), 
provided between the transforming means (3, 
31) and the second modulating means (6, 14b), 
for temporarily storing the character data con- 
tained in the third digital signal, and supplying the 
character data stored in the data storage means 
(32) to the second modulating means (6, 14b). 



A modulator comprising: 

a first modulating means (1, 14a) for re- 
ceiving a first digital signal, and modulating the 
first digital signal to generate a first modulated so 
signal, where frequency components contained 
in the first modulated signal are within a first fre- 
quency band; 

a transforming means (3, 31) for receiving 
a second digital signal containing at least one set 55 
of a predetermined number of successive bits 
corresponding to a character data, a start bit pre- 
ceding each set of the predetermined number of 

10 



35 



8. A modulator according to claim 7 comprising a 
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start & stop bit inserting means (33), provided be- 
tween the data storage means (32) and the sec- 
ond modulating means (6, 14b), for receiving 
each character data from the data storage means 
(32), inserting a start bit before each character 
data supplied from the data storage means (32), 
and a stop bit after each character data, and sup- 
plying the character data with the start and stop 
bits to the second modulating means (6, 14b). 

9. A demodulator comprising: 

a first demodulating means (1, 20a, 22a) 
for receiving a frequency division multiplexed sig- 
nal and for regenerating a first digital signal, 
wherein first and second modulated signals are 
frequency division multiplexed in the frequency 
division multiplexed signal and wherein frequen- 
cy components contained in the first modulated 
signal are within a first frequency band and Fre- 
quency components contained in the second 
modulated signal are within a second frequency 
band which is separated from the first frequency 
band, the first modulated signal being equivalent 
to a signal generated by modulating the first dig- 
ital signal, and the second modulated signal be- 
ing equivalent to a signal generated by modulat- 
ing a second digital signal; 

a second demodulating means (1, 20b, 
22b) for receiving the frequency division multi- 
plexed signal and regenerating the second digital 
signal containing at least one set of a predeter- 
mined number of successive bits corresponding 
to a character data; and 

a transforming means (3, 34) for receiving 
the second digital signal and inserting a start bit 
before each set of the predetermined number of 
successive bits and a stop bit after each set of the 
predetermined number of successive bits to 
generate a third digital signal in a start-stop sys- 
tem. 

10. A demodulator according to claim 9, wherein said 
first demodulating means (1, 20a, 22a) compris- 
es: 

a first frequency shifting means (20a) for 
receiving the frequency division multiplexed sig- 
nal and shifting frequencies of the frequency di- 
vision multiplexed signal by a first predetermined 
frequency to transform the frequency division 
multiplexed signal to a fourth digital signal, where 
the first predetermined frequency corresponds to 
a center frequency of the first frequency band; 
and 

a first band separation filter means (22a) 
for receiving the fourth digital signal, and extract- 
ing the first digital signal; and wherein 

the second demodulating means (1, 20b, 
22b) comprises: 



a second frequency shifting means (20a) 
for receiving the frequency division multiplexed 
signal, and shifting the frequencies of the fre- 
quency division multiplexed signal by a second 

5 predetermined frequency to transform the fre- 

quency division multiplexed signal to a fifth digital 
signal, where the second predetermined fre- 
quency corresponds to a center frequency of the 
second frequency band; and 

10 a second band separation filter means 

(22b) for receiving the fifth digital signal, and ex- 
tracting the second digital signal. 

11. A demodulator according to claim 9 or 10, com- 
15 prising an information decoding means (7) for re- 

ceiving the digital signal in the start-stop system 
and decoding information carried by the digital 
signal. 

20 12. A demodulator according to claim 9, 10 or 11 
wherein the first and second modulated signals 
are modulated by the same type of modulation, 
and the first and second demodulating means 
comprises at least one digital signal processor. 

25 

1 3. A demodulator according to claim 1 2, wherein the 
first and second modulated signals are modulat- 
ed by one of phase shift keying (PSK) and quad- 
rature amplitude modulation (QAM). 

30 

14. A demodulator according to claim 9, 10 or 11 
wherein at least one portion of the operation per- 
formed by the second demodulating means is 
similar to at least one portion of the operation 

35 performed by the first demodulating means, and 

the first and second demodulating means com- 
prises at least one digital signal processor. 

15. A demodulator according to claim 14, wherein the 
40 demodulating operation performed by the first 

demodulating means is in accordance with quad- 
rature amplitude modulation (QAM), and the de- 
modulating operation performed by the second 
modulating means is in accordance with phase 
45 shift keying (PSK). 

16. A demodulator according to any one of claims 9 
to 15 comprising a data storage means (35), pro- 
vided between the second demodulating means 

so (1, 20b, 22b) and the transforming means (3, 34), 

for temporarily storing the character data con- 
tained in the second digital signal, and supplying 
the character data stored in the data storage 
means (35) to the transforming means (3, 34). 

55 

17. A demodulator according to any one of claims 9 
to 16, wherein the second digital signal further 
contains a start bit preceding each character 

11 
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data, and a stop bit following each character data, 
and 

said demodulator comprises a start and 
stop bit removing means (36), provided between 
the second demodulating means (1, 20b, 22b) 5 
and the data storage means (35), for receiving 
the fourth digital signal from the second demod- 
ulating means (1, 20b, 22b), removing a start bit 
preceding each character data, and a stop bit fol- 
lowing each character data, and supplying the 10 
character data without the start and stop bits to 
the data storage means (35). 

18. A modem comprising a modulator according to 

any one of claims 1 to 8 and a demodulator ac- 15 
cording to any one of claims 9 to 17. 
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(57) A processing unit (5) receives a main, 
synchronous signal and a secondary start - stop 
signal. The processing unit (5) contains a unit 
(3) for stripping the start and stop bits from the 
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over a frequency division multiplex channel. At 
the receiver end the two signals are separated 
and the start - stop format of the secondary 
signal is reformed (3) by the addition of start 
and stop bits. 
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